Experimental Details
Materials. Benzophenone (Sigma Aldrich 99 %), diphenylmethanol (Sigma Aldrich 99 %) and 13 Cbenzophenone (Sigma Aldrich 99% 13 C) were used without further purification. p-Toluenesulfonyl hydrazide was purchased from ABCR and was used without further purification. Deuterated water (99% D) was purchased from Deutero GmbH.
Diphenyldiazomethane (DPDM).
Benzophenone tosylhydrazone was synthesized according to a literature procedure 1 . The sodium salt was prepared by treating the tosylhydrazone with 1.1 eq. of NaH (60 % dispersion in mineral oil) in dry CH2Cl2. The NaH was washed three times with absolute pentane before using to remove the mineral oil. The slightly pink salt was stored under inert atmospheric conditions at -40 °C. The diphenyldiazomethane was generated by sublimation of the pink salt at 45 °C directly on the cold window. IR (Ar, Simulations of EPR spectra. The simulations of EPR spectra were performed using Easyspin software -a MATLAB toolbox. (Table S11) show an extra stabilization of the more polar singlet states in the Ar matrix, therefore reducing the DPC gap and enlarging the inverted gap in the H-bonded complexes ( Figure 2 ). The variability in the predicted gaps (MAE = 0,1 kcal/mol) suggest that matrix effects are non-negligible for this system. b) QM/MM MD simulations of S-1…H2O and T-1…H2O in a box of water at 3 K:
A 10 ps QM/MM MD simulation was run placing the 1:1 DPC-water complexes in a box of water at 3 K. The simulation for the singlet complex showed proton transfer followed by recombination with OH to yield 3; the process is over in less than 1 ps. In the case of the triplet complex, no reaction was observed. The predicted singlet-triplet gap for the system placed in a water box is also inverted. Its magnitude is -6.5 kcal/mol, which indicates that the solvent further stabilizes the singlet state.
c) QM MD simulations of S-1…5H2O and T-1…5H2O in the gas phase at 3 K:
Simulations with a QM region formed by DPC and 5 water molecules were performed. This amount of water molecules was chosen based on the distribution of water molecules around DPC in the previous QM/MM MD simulation of S-1…H2O and T-1…H2O (QM regions) in a box of water (MM region). During the gas phase MD simulation of S-1 and 5 water molecules, proton transfer was observed from the nearest water molecule after 0.5 ps, followed by recombination to yield alcohol 3 after 3.1 ps. No reaction was observed in the case of T-1. This recombination, which is not observed in the experiment, could be due to the restricted number of water molecules included in the QM region.
Cluster analysis of the trajectories revealed a single conformation throughout the simulations (RMSD cutoff: 0.02 Å) for the triplet complexes. In the case of the singlet system, two largely populated clusters were found, one cluster containing the structures of the initial complexes, and the other with the products of proton transfer.
Snapshots of the system, taken before proton transfer occurred, were re-optimized at the BLYP-D3/def2-TZVP level of theory in order to evaluate the effect of the additional water molecules on the singlet-triplet gap of 1. Again, a greater stabilization of the polar singlet states is observed, resulting in a greater inversion of the gap (ΔE (S-T) = -5.9 kcal/mol) ( Table S12 ). (Table S13 ). This shows a reduced gap with respect to the same system in the gas phase, close to that found in Ar.
e) QM/MM MD simulations of S-1…5H2O in a box of water at 200 K:
S-1 and 5 water molecules were taken as QM region and placed in box of water. At early stages of this simulation proton transfer from the nearest water molecule to the carbene center was observed.
This was rapidly followed by subsequent proton transfers between the water molecules that finally led to recombination to yield alcohol 3. This recombination occurred with a water molecule different from the one that executed the initial proton transfer. The process is completed in about half a picosecond. This suggest that (at 200 K) with enough water molecules present, the chain of water-to-water proton transfers might move the OH away from the carbene center fast enough to prevent recombination and formation of 3.
f) QM/MM MD simulations of benzhydryl cation-2 in a box of water at 3 K:
To simulate the behavior of benzhydryl cation-2, this specie and 5 water molecules were taken as QM region and placed in a box of explicit water. No indication of reaction between the cation and the surrounding water molecules was found along the QM/MM MD simulations ( Figure S13 ). This is in agreement with the experimental finding that 2 is kinetically stabilized in a water matrix at low temperatures. [a] g = y intercept.
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[b] c = parameter for superposition of exponential decays [a] Calculated at the BLYP-D3/ Def2-TZVP level of theory.
[b] Calculated at the BLYP-D3/def2-TZVP level of theory, Benzhydryl cation -2 and 5 water molecules.
[c] Calculated at the BLYP-D3/def2-TZVP//CHARMM level of theory, Benzhydryl cation -2 and 5 water molecules as QM region in a box of water.
[d] LDA ice matrix at 3 K. [a] Calculated at the BLYP-D3/def2-TZVP level of theory.
[b] Frequency shift relative to 2.
[c] LDA ice matrix at 3 K. [a] Calculated at the BLYP-D3/def2-TZVP level of theory.
[c] LDA ice matrix at 3 K. Table S8 . Adiabatical gap (∆EA) for 1. All values are in kcal mol -1 .
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∆EA ∆EA 3.33 1.5 ± 0.1 Table S12 . Singlet-triplet gaps (kcal/mol) and selected geometrical parameters of the DPC + 5 H2O system at different simulation times. Gas phase calculations at the BLYP-D3/def2-TZVP level of theory. Table S13 . Singlet-triplet gaps (kcal/mol) and selected geometrical parameters of the DPC + 5 H2O system at different simulation times. QM/MM simulations in a box of water at the BLYP-D3/def2-TZVP//CHARMM level of theory. 
